Allosteric (long-range) interactions can be surprisingly strong in proteins of biomedical interest.
Many large-scale conformational protein motions are associated with hinges [4, 5] . Some of these hinges are located at or near turns in static Euclidean structures determined crystallographically, but this correspondence is not unique, as some turns are not hinges, and vice-versa. Conformational motions are often associated with low-frequency ("soft") elastic modes [6] , but the calculation of such modes can depend on details of the force-field used, as well as the hydrogen bonds to a monolayer water film covering the protein [7] . While there is already a large literature on this subject, the bioinformatic scaling method used here is novel, and it appears to be very accurate -accurate enough for biomedical applications.
Hinges appear naturally in both elastic and hydropathic profile models, in the latter as deep hydrophilic minima. The hydropathic profiles contain two kinds of extrema, hydrophilic minima and hydrophobic maxima. Our limited experience so far suggests that hydrophobic maxima are often biomedically critical, and their effects are less evident in elastic models. Each elastic hinge has two arms, each with an allometric cutoff, and the dynamics of hinge motion can depend critically on the synchronization of the motion of the two hinge arms, which often occurs through contacts of these cutoff maxima with other molecules. The examples treated here may not be universal, but they are biomedically critical, and their main features are easily recognized.
Bioinformatic scaling has emerged as a new thermodynamic and evolutionary method for treating allosteric interactions, with an interesting recent application to the twin enzymes cyclooxygenase (COX-1 and COX-2), isozymes encoded by separate genes [8] . Unlike traditional algebraic models, in which thermodynamics appears only after a Newtonian energy landscape has been constructed, bioinformatic scaling automatically incorporates both thermodynamics and evolution from the outset in the amino-acid-specific fractal scaling parameters ψ(aa) discovered by analyzing the Voronoi differential surface geometry of 5226 protein segments [9] . Surface differential geometry is relevant because the softer ice-like films of rigid proteins have evolved under environmental pressures towards self-organized criticality (evolutionary tipping points) [10, 11] , just as rocky coastlines are shaped fractally by the pressures of tidal water waves (discussed in Wiki articles on the coastline paradox). The power of fractal bioinformatic scaling is already apparent in its ability to quantify evolutionary trends from zebrafish to humans in both structure and function of lysozyme c [12, 13] , trends which are not accessible to Newtonian landscape models. Before turning to the main subject of this paper, mutations in isocitrate dehydrogenase 1 and 2 isozymes (IDH1/2) in the tricarboxylic acid cycle important for cancer cell metabolism [12] , we review the central features that distinguish the COX1/2 isozymes [8] . One constructs hydroprofiles ψ(aa,W) by averaging ψ(aa) over a sliding window of width W. COX1/2 are divided hydropathically into N and C domains, each of which contains a deep hydrophilic hinge, as reproduced here from [8] for the reader's convenience (see Fig. 1 ). These hinges produce a large variance or roughness R of the hydropathic profiles ψ(aa,W). To resolve COX1/2 differences best, W = 79 was chosen because it maximizes R(COX2)/R(COX1). With W = 79, Fig. 1 shows level extrema features, associated with the level set principle which has yielded many useful results for the differential geometry of other Voronoi networks [13] .
Results
IDH1/2 are obligatory homodimeric isozymes that share 70% chain sequence identity. The dimeric structures consist of dimerized large and small domains connected by Clasps. Overall the secondary structure is ~ 40% α helical and 20% β strand, with the flexible Clasp containing only β strands. A simplified description of IDH motion and functionality is given in Fig. 3 of [14] , which is accompanied by a detailed discussion of the neomorphic motion which generates the oncometabolite 2HG. Crystal structures suggest that the small/large domain interface is opened wider by IDH1 mutants than by IDH2 mutants [14] . Here we contrast IDH1 and IDH2 isozymes in two ways that involve only their amino acid sequences. Another important difference between IDH1 and IDH2 is the interactions between the 132-141 (labeled Seg1) and the 271-286 (Seg2) regions of IDH1 [16] . These regions are disordered ("melted") by the mutation R132H, and have been described as part of an "off-on" switch [14] .
As shown in Fig. 2A of [14] , there is a salt bridge between R132 and either D275 or D279.
Disruption of this salt bridge leads to formation of the Seg1/2 disordered regions. The respective averages of ψ(aa,51) for Seg1/2 are 155.6 and 156.0, so these two remote regions also are level.
So far the greatest medical interest attaches to mutated IDH2, where a very effective small molecule acute myeloid leukemia inhibitor has been discovered, Table 3 [14] . The IDH2 mutation is R140(H,Q, or C). It occurs far from the Clasp. Mutated IDH2 is treated by a small molecule that pries apart the large and small domains (Fig. 3 of [14] ). At this point one can rationalize the greater biomedical success for IDH2 over IDH1 in several ways. IDH2 is This Clasp end loosening could be a stronger and more specific "off-on" IDH2 switch than the Seg melting discussed for IDH1 [14] . What is unexpected is that leveling interactions in IDH2 can be more important than salt bridges and local melting are in IDH1 [14] . This arises because of the thermodynamic and evolutionary nature of protein folding and function, as discussed at length for COX1/2 [8] and many other proteins [8, 9] . One can also suppose that leveling accelerates kinetics by synchronizing allosteric conformational motions, such as N-and C-terminal bending at their hydrophilic hinges [15] . It also appears that leveling effects are most dramatic in medically significant contexts.
This suggests that the final stage in optimizing protein functionality may involve leveling of the cutoffs of the arms of hinges. 
